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INTRODUCTION

When a set of interaction data based on Flanders'

Interaction Category System, FLICS1 is recorded in a

matrix, the purpose is to look at paired sequences of

observation (recorded in the "cells" of the matrix).

The ten categories are given in Table 1.

Flanders [1] discussed the interpretation of various

sections of the matrix which are combinations of the

paired sequences.

The concept of an interaction analysis matrix is

closely related to a one-dependent Markoff chain (also

simply called a Narkoff chain). Many researchers are

analyzing differences between two or more interaction

matrices with the use of a criterion based on a Markoff

chain model.

Feller's [2, p. 340] definition will be paraphrased

here and supsequently applied to interaction analysis

data.

A Markoff chain is a sequence or trials with possible

outcomes El, E2,..., in which the probabilit:1.es of sample

sequences are defined by

p{E. , E. 1....E. } = a. p. . p. . ...p. . P. .
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' 'CS is an acronym adopted by the author, to refer
specifically to Flanders' ten-category system of record-
ing verbal behavior, in a sequence, as they occur in a
classroom--the coding taking place at three-second inter-
vals; the data are used for interaction analysis.
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TABLE 1

CATEGORIES FOR INTERACTION ANALYSIS

1. Acce ts Feelin : accepts and clarifies the feeling
tone of the students in a nonthreatening manner.
Feelings may be positive or negative. Predicting
or recalling feelings are included.

2. Praises or Encourama: praises or encourages stu-
dent action or behavior. Jokes that release ten-
sion, not at the expense of anco-her individual,
nodding head or saying, "um hm?" or "go on" are in-
cluded.

3. Acce ts or Uses Ideas of Student: clarifying,
uliding, or deve oping ideas suggested by a stu-

dent. As a teacher brings more of his own ideas
into play, shift to category five.

4. Asks Questions: asking a question about content or
procedure with the intent that a student answer.

E4

Lecturing: giving facts or opinions about content
or procedure; expressing his own ideas, asking
rhetorical questiorli.

Givin Directions: directions, commands, or orders
towlüch a student is expected to comply.

CEiticizing or Justifying Authoatz: statements
intended to change student behavior from non-
acceptable to acceptable pattern; bawling someone
out; stating why the teacher is doing what he is
doing; extreme self-reference.

Student Talk--Res onse: a student makes a pre-
dicta1 response to teacher. Teacher initiates
the contact or solicits student statement and sets
limits to what the student says.

Student Talk--Initiation: talk by students which
they initiate Unpredictable statements in re-
sponse to teacher. Shift from 8 to 9 as student
introduces own ideas.

10. Silence or Confusion: pauses, short periods of
silence and perrar-of confusion in which communi-
cation cannot be understood by the observer.



in terms of an initial pr.A..)ability distribution ak

for the states 14k
at tirr! 0 and fixed conditional

probabilities pk of 1, , given that El hac: occurre'd

at the precediqg trial.

In interaction analysis this definition means

essentially that anywhcre in the interaction sequence,

the probability that category (state) j will occur

depends only on the preceding cdtegory i, and not on

any other previous categories in the sequence. As an

example, the probability that category nine (student

talk--initlation) occurs in a classroom depends only

on what occurred immediately before the nine. Look-

ing at lable 1, one may Fuess that a nine is more

likely (has a greater probability) to occur, if the

preceding category is a three (accepting ideati of

student) than if the preceding is a five..

One approach to the problem of analyzing class-

room interaction begins by assuming that the sequence

of observations is a one-dependent Markoff Chain.

The categories are the "outcomes," E17E2,...,E10 in

the definition. The initial 1.robability distribution

ak is the probability of initial cccurrence of any

of the 10 categr,ries. In a classroom, however, it is

logical to assume that silence (or confusion) is

always the initial state; this makes ak in the defini-

tion equal to one for interaction analysis data.



The conditional probability pjk is the probability

of occurrence of category k, given that j is the

preceding category.

Many researchers arc analyzing differences be-

tween two or more matrienr; for statistical signifi-

cance by applying Darwin's [3, p. 413]. Assuming a

Markoff chain for interaction data, Darwin considered

testing the nypothesis that t sets2 of values p..

(Pii unknown, and i,j = 1,...,s, where s equals the

number of categories) are equal; that is, two or more

matrices have the same p.. for a given i and j. The
3.3

data to which this refers are t matrices with long

sequences. The Likelihood Ratio criterion to test

the Ilepothesis is 13, p. 413]

2[E log nijh Eni.hlog ni.h - En.. + En. log n. )nijh
ij. 1.. 1..

(1)

distributed as chi square with i,j = 1,...s, h

and s(t-1) (s-1) chgrees of freedom. This criterion

when applied to interaction data, was giving results

which were too significant; that is, it was too

sensitive to sliilht differcnces between sets of inter-

2For those who refer to Darwin [3], the notation t
is used instead of r, to avoid confusion with the use
of r which &notes the order of a Markoff chain.

:11



action data. The objectives in this inquiry were:

1. to test the order of dependence
of the interaction chain and,

2. on the assumption of a one-dependent
Markoff chain,

a. to estimat.e empirically the
power of Darwin's criterion
as applied to two composite
sequences, and

b. to arrive at an application
of Darwin's criterion, which
will loflect educational sig-
nificance.

This paper has two sections. In Sdcti.;:i I

Hoel's tust of order of a Markoff chain will be

discussed. The test showed that a two-dependent

(Order two) model is P. better fit to interaction data

than the one-dependent model (Order one)--a model

that is assumed when researchers use Darwin's criterion.

Hence, a Likelihood Ratio Criterion (LRC) for a two-

dependent Markoff chain will also be presented.

In Section II the author will discuss possible

adjustments of Darwin's LRC, if the researcher wishes

to analyze data on a one-dependent chain assumption.

In order to do this, a specific alternative

hypothesis that two interaction sequences are not

equal will be used to calculate the power of Darwin's

criterion, given such inequality. That is, it will



be shown that, given two matrices which are not equal

only by some chance and not due to differences in class-

room interaction, Darwin's LRC will "reject" the null

hypothesis of equality 100% of the time, when applied

to 500 pairs of matrices generated from the two matricec

From the generated pairs of matrices an empirical

distribution of Darwin's LRC will be derived in order

to determine a cut-off point for rejection of the null

hypothesis, such that rejection would have not only

statistical significance but also educational signifi-

cance.

Sections I and II may be read independently of

each other.

Section

Hoel's Test of Order of Dependence

The data used in this section came from the data

bank of Flanders [5]. Thuse were the sixth grade inter-

action sequences of 30 classrooms on five different

subject areas or activities.

Hypotheses

In general notation, the null hypotheses being

tested are expressed as follows:
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The transition probability, p4, in an r-step

chain is equal to the transition probability

in an (r 1)-step chain. Thus:

0: Pij...k1.= P.j...k1'

P .j...kl,

1,2,...,s.

A
In this paper we will let = n. . /n..

pij...k1 1j...k.

be the Maximum Likelihood estilrat,-,r of pij...kl . If the

hypothesis is true, then the Likelihood Ratio criterion,

-2 locr X given below,3 is, for large samples, distributed

as a x
2 with s

r-1
(s - 1)

2 Oegrees of freedom:

nij...kl
n

X
2

i= -2 log A 2 n - log
.j...k1

1
j...kl log n - n

ij.:.k. .j...k.

( 2 )

In particular, the two null hypotheses tested to-

gether with their appropriate x
2 's were:

1' jk = 1)000,10

3 .Tne logarithms in the formulas throughout this paper
are all to the base e.



where

( 2 )

where

X
(2)

8

A nijk
/Pijk 2 FIT:

2 E n (log
''k ij

nijk

k
nij. n

.3.

ij p

A

ij

n.. n

X
/3 . -3)

2 = 2 n., (log - log
(1) ij

"i.

(3)

(4)

The x 2 subscript refers to the order of dependence r,

being tested against an (r - 1) dependence, and, from what

2
follows, to say that X

(r)
js not significant means that an

(r 1)-depenc;enee is as good as an r-dependence assumption

Therefore, an (r 3)-dependenee would he preferable.

The basic 3.dea behind Hocl's test is that a suffi-

ciently large r is chosen and testing is done successively,

deereasinp r by onc each time until a point is reached

when r is not significant and r - I is significant. This

is so because, if a chain is Markovian and the length of

the dependence is r + 1 (i.e., tilt_ chain is r step and the

dependence extends over r + 1 consecutive variables),
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A (r), X . . will not be significant in increasing

a levels, T4hile )(2 (r-1), X (r_2) I.. X will be signifi-

cant, in decreasing a levels.

The data did not reasonably allow a test beyond r = 2.

The test was made, not so much to locate the order of

dependence as to have a basis of choice between an r = 2

and an r = 1 assumption. Thc result of Hoel's test would

,
be conclusive as to best fit only ir

2
would not

^

turn out to be significant while x4
(r-l)

was significant.

In this case it would mean that an (r-1) dependence assump-

tion would suffice, while an (r-2) dependence wouldn't.

However, if both r and (r-1) dependence were significant,

the judgment as to whether an r-dependent model was a better

fit than an (r-1) dependence would be discretionary, after

the magnitude of difference in the a levels was observed.

Application of the Test

Hoel's test was run on each of the matrices of the

30 teachers, as well as on each of the five activities.

The matrices of the activities were formed as follows:

Five teachers were chosen at random and their interaction

data separated into five sequences.(five matrices), one for

each of five activities in which they were observed. All

fivc matrices of (ach activity were combined, yielding one

matrix for each activity. The flvo activities were
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adminiF4:Lttive routine, language arts, social studies,

mathematics, and science.

Pesults of Noel's Test

Table 2 summarizes the results of the x 2
tests on

each teacher's matrix, anc. Table 3 those on each of the

five activities. The z-column in Table 2 shows that all

the 30 x 2
's were sirmificant with a < .001 for twenty nine

teachers and a < .01 for one teacher (Teacher 19). Thu

z-column in Table 3 shows that for r 2 the adminis-

trative routine and science chains (aoss the same five

teachers in the other activity chains) were not signifi-

cant. The results on these two activities (adminitra-

tive routine and scik.:nce) may not be true reflections of

the actual length of dependence because the table shows

that the two chains were relatjvely much shorter than

those of the three other activitiLs.

The z values (z = 1/4 2
- i2df-1; see footnote of

Table 2) for r = 2 for the 30 teachers range from 3.24

to 22.67, while those for r tt 1 range from 77.4 to 130.23.

Hencu, a one-dt:pcndent chain was still a bad fit and zero

dependence should definitely not be considered at all.

Thc marked de,crease in z from the assumption of onc-

dependence to the essumption of two-dependence, may indi-.

cate that had it been possible to test the chain for 41r= 3
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TABLE 2

TEST OF ORDER OF num' CHAIN ON 30 TEACHERS

Teacher
No.

Length of Chain
(No. of Tallies)

2
X df.. z

a

00 6019 2 1415.11 810 12.96
1 5986.71 81 96.73

08 8388 2 1618.01 810 16.65
1 10213.53 81 130.23

12 6265 2 1516.75 810 14.84
1 6085,61 si 97.63

13 5781 2 1306.63 810 10,88
1 7162328 81 107300

15 7080 2 1476.84 810 14.11
1 7618.80 81 110.75

19 6858 2 945.10 810 3.24
1 8413.77 81 117.03

24 8117 2 1826.22 810 20,20
1 8042.57 81 114,14

26 6323 2 133.10 810 11,51
1 5814,53 81 95,15

27 6557 2 1613.09 810 16,56
1 5733.54 81 94.40

28 8360 2 1718.08 810 18,38
1 9398.20 83. 124-41

30 7886 2 1239.17 810 9.55
1 7478.43 81 109.61

34 6339 2 1972.84 810 22.58
3. 4639.90 83. 83.64

37 6386 2 1567,70 810 15.76
3. 4070.33 81 77.54

40 7216 2 1565.61 810 15.72
1 6492.02 81 101.26

42 6175 2 1538.02 810 15.23
1 5854.98 81 95.52
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TABLE 2-- Continued

Teacher
No.

Length of Chain
(No. of Tallies) X

2 df z
a

48 7103 2 1298,55 810 10.72
1 6839.02 81 104.26

50 7233 2 1403.73 810 12.75
1 5958.53 81 96.48

51 8884 2 1593.88 810 16.22
1 9294.03 81 123.65

53 7462 2 1129,70 810 7,30
1 5140.46 81 88.70

54 7903 2 1734.55 810 18.66
1 6315.20 81 99,70

64 6544 2 1279.30 810 10.35
1 6478.09 81 101.14

72 6831 2 1748.34 810 18.90
1 6725.48 81 103.30

73 6086 2 1313,20 810 11,01
1 4216,91 81 79,15

75 5586 2 1104.47 810 6.76
1 6557.90 81 101.84

77 7201 2 1376.54 810 12,23
1 5510.03 81 92,29

80 9075 2 1978.74 810 22.67
1 7030,50 81 105,89

84 6639 2 1454,74 810 13,70
1 7932.27 81 113.27

89 6789 2 1483.50 810 14.23
1 7829.44 81 112.45

91 5749 2 1391.83 810 12.52
1 5068,90 81 88.00

95 6339 2 1698.90 810 18.05
1 4870.74 81 86.01

a
Because d.f. is large (> 70)/ the expression

z = - 1 was used as a normal dqviate with
unit variance/ whereby the probability for x' corresponds
with that of a single tail of the noini curve.
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,aguinst r = 22 the z va1u,5 may not have turned out to bu

inctioatinFr, that cht_ bL.st fit on thc Markoff

chain assumption would lx the two-dL;pendcnt chain model..

TEST OF ORDER OF MARKOFF CHAIN ON FIVE ACTIVITIES* *
Chain°

Description

*op.. .10.

Length
of Chain )(2 df

Adm. routine 2308 2 703.17 810

.111/.1.1

-2.74
b

1 2606.54 81 59.51

Lang. arts 11756

-....
2 3009.29 810 37.34
1 12507.93 81 145.48

-..41111.. 41.1111.111MIO

Soc, Studies 7262 2 1882.40 810 21.12
1 7233.41 81 107.59

Mathematics 8547 2 1487.62 810 14.31
1 7348.40 81 108.54

Science 2506 2 686.54 810 -3118b
I 2971.44 81 64.40

aThe chain is across fiv teachers (same activity)
dictwn at random from the 30 tc.lachers in the study.

bNot significant.
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A Likelihood Ratio Statistic
for the Two-StLp Model

This part of Section I is mainly expository.

It presents a simplc application of the Likaihood Ratio

tust for a Markoff chain of order two. Such a test

appears in thc literature on the subject. For t:xample,

Anderson and Goodman [8, p. 1033 obtaincA a x
2 test of

goodness of fit, i.e., a test of the hypothesis that

two samples are from the came Markoff chain of a given

order.

Maximum Likelihood (ML) Estimator of p..

Unth:r the two-dependent chain model, thc ML

estimator of piik is [4,
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13x
n..
13.

(5)

If there are t matrices to be compared, (5) is the

ML estimator of the pijk of each of the t matrices. Hence,

for the hth matrix, the ML estimator is

n..
ijkh

nij.h

An Estimator of
ijkh Under the HypothesisP

That t Matrices Are Equal

(6)

The test statistic to be developed is a test of the

hypothesis (H0) that two or more matrices of interaction

data under the two-dependent Markoff chain model are equal.

Let pijkh be the probability derived from some known

distribution of the
ijkh representing the probability forn

teacher to have an observed interaction fall on

category (state), given that two preceding states

the hth

the kth

are ilj. Then

HO: Pijkl Pijk2 Pijkt*
(7)

Under the assumption that the interaction data for

each teacher are generated by the same two-step Markoff

process, the hypothesis in (7) states that the transi-

tion probability is the same for each teacher.

Hence, the estimator of p under Ho can be equated

16
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withtheMaximumr,ikelihoodestimatorofp.of a two-
ljk

step Markoff chain) that is,

Pijkh
(H

0
) = p

ijk
. (8)

The hypothesis Ho in (7) states that the t sets

of
ijkh

are the same for every combination 1, j. There
P

are) therefore,s
2

tables x t) of the contingency type.

Under this hypothesis,

A

Pijkh(H0) 2 nijkoinii.. (9)

Eauation (9) is an estimator for pilk for any of

the t matrices under the hypothesis set up in (7).

The ratio of the Likelihood Functicevaluated for the

estimator in (9) to that evaluated for the ML estimator

of piikh in (6) is the Likelihood Ratio. If ho of

(7) is true. this Likelihood Ratio will not be signifi-

cantly different from one.

Devlo ment of the Likelihood
atio StatilITE

The Lr. of pijkh is

n..

L = (Pijkh )
ipkh

ij'kh

(10)

Let pijkh be the ML estimator of p and hePijkh(0)

the estimator under Ho. We have the following:



nijkh
kjkh nij.h
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(for each h).

n
ijk.

^.. =
l'ijkh(0) Pijk n..

13..

LA (max) L (6ijkh(0))X = L (max) L (Pijkh )

(for any h).

n.., nijkh

(n1--"12.)L(Dijkh(0))=
ijkh

(12)

(13)

(14)

kh
2i11AL(Pijkh) (

(15)
ijkh nij.h

log A E
nij

(log
1Jk. - log ni4kh)

khijkh nij.. nij.h (16)

-2 log A = 2( E
nijkh

log nijkh .1 nl'
log

ij
n..

13kh
.h

- E nij log + E log n.. )kh .nijk. nij kh 13..

(17)

The last three summations of equation (17) are

E log nij.h = E 1144

ijkh nijkh ijh
k log nij h (18)

E n
ijkh

log n
ijk.

=
.

n
ijk.

log
nijk. (19)

ijkh 13k

and



I n.

ljkh likh
log nij..

18

= E n.. log n..13. 13..

the dot taking the place of the summation sign.

Substituting (18), (19), and (20) in (17),

we have

( 20)

-2 log A = 2( Z
'ijkh

log n
i

E n
ijkh jkh

ijh 13'h
log

nij.h

nijk. log nijk. + iEj nij.. log nij..)

( 21)

Eq. ( 21) is the LR test criterion of difference

among t matrices, on the assumption of a Markoff chain of

order two. Each matrix is identified by the h subscript,

h = 1,...,t, and nij denotes the frequency of the sequence

x(n-2T) .

= 3
. (n)= 1, X , X = k, for teacher h. The dot

means that summation has been carried out over the replaced

subscript, so that

n.. E n..
13.h 13k khl

n. = E
i

n
ijkh.ijk. jkh and n n

'
kh

It has been shown in literature that -2 log A (3.37)

is distributed asymptotically as x
2
, on 52 (s-1)(t-1)

degrees of freedom.

410



19

Section II

Analysis of_One-Dependent (Interaction) Chains

The Problem of Comporing Two
Interaction Sequences

When interaction data are displayed in a 10 x 10

matrix form, the underlying asbumption is that these data

were generated by rt Markoff chain of order ono. In order

to test the equality of two interaction an:Ilysis sequences .

one computes Darwin's LPC (Ea. (1) ),

g En. log n2[En
jkl lo

g rijkl
lo n.1 Jk. jk.

+ En. log n. ] ,

J.. J..

which has a Chi Square distribution for a large n. Then

using the Chi Square table, he determines the statistical

significance of the difference between the two sets of data.

The results of past studies, however, have shown that

the test is so sensitive that small differences between two

interaction sequences yield a significant Chi Square. Hence

to interpret the results of the test from an educational

viewpointthat is, to sc whether the statistical signi-

ficance has anw prectical leaning in educationone needs

to find out how often the test rejects the null hypothesis

of equality when it is assumed that N pairs of sequences to

which Darwin's LRC is applied are generated by a pair of

Markoff chain models with known transition probabilities and

when it is assumed that the transition probabilities indicate

th.-tt the sequences in the pair are educationally homogeneous.

The proportion of the times the test would reject

20
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the null hypothesis of equality would be an approximat

measure of the chance of being right, in the statistical

sense, in inferring that the two interaction sequences

are different from each other. Since Darwin's test is

vury powerful, it is possible thct all Chi Square tests

would reject Ho, i.e., the power of the test equals one.

Therefore, one would quite frLeuently make a statistical

inference that the two s(its of data, of the typo speci-

fiud, are significantly diffiJrent. However, since the two

sample sequences were generated from two educationally

homogeneous matrices, most of the time our inference is

wrong in the educational sensc.,. Hence, the interpreta-

tion of the statistical significance of Darwin's LRC can

be very misleading, (!specially if one has to make an

inference from such a test that one type of teacher be-

havior is more effective in producing certain educational

outcomes than is another. One way to estimate the power

of the test would be to study an empirical distribution

of N Chi Squares and see how ulch Chi Square value is

associated with an estimated probability of occurrence.

In this way, one may evaluate a computed Chi Square in

terms of the particular distribution.

In this section, (1) an estimate of the power of

Darwin's criterion will be obtained and (2) a cumulative

probability distribution of the Chi Square values from

21
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pairs of sequences generated from two educationally

homogeneous sequences through computer simulation.

The LRC and the Length of Sequence

When two interaction sequences are compared, ,Ln

estimate of the power of Darwin's test is not the only

problem to arise. A secondary problem is an approximation

of what happens to the LRC ns the length of the sequence

(number of tallies) increases. It cm be observed that

the size of LRC increases with an increase in the number

of tallies. The increase in the size of the LRC, in this

example, does not relate to the degrees of freedom which,

in turn, do not depend on che length of the chain (or

number of tallies) but on the number of categories (s = 10

and the number of , quences being compared--in this problem,

two sequences. The degrees of freedom remain constant for

a given category syctem and for a specified number of

sequences to be compered. This means that one factor

influencing the outcome of an LRC test is the length of

the imeraction scouences chcsen for the comparison.

Computer Simulation

The Choice of H1 (Pjkl) (Pjk2)° The pair of

parentheses indicates that Pik1 and Pjk2 ere vc.trices of

transition probabilities. For convnience, hc resuarcher
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deviated slightly from the subscript notation used in the

Section I and shifted to Darwin's.

ln terms of t,ducational Eilinifispce, two interaction

sequcnces, displ:tyt_d in matrix form as (njkl) and (nik2),

are said to be oducz-ttionallv homoi7encous if the two class-

room situations which they apresnt have the same educa-

tional outcomes on the basis of an outside criterion, e.g.,

achievement or attitude. Here, homogeneity refers to edu-

cational outcome and is to be distinguished from equal tran-

sition probabilities. To obtain a pair of unequal sequence:

for H1, two identical sequences may be made to vary a.littlt,

by slightly changing the frectwncy in one cell (or the

frequencies in a few cells) of the matrix. One would

judge, without further tcsts, that the two sets of class-

room interaction which th two matrices represent wer3

extremely homogeneous. One could continue modifying cs:ll

frequencies z-nd still produce two educationally homogcm:-

ous sequences. For the results of this study to be mean-

ingful, 'one should choose 1 pair which would satisfy the

criterion of beinp representative of a real situation,

one wherL_ two teachers are producing the same educational

outcomcs through similar classroom situations.

The first cucstion this section attempts to answer

is: Now semitive is Damrin's test to differences between

two classroom interaction sequk_nces? That is, how often

does Darwin's test tend to reject the hypothesis that two

sequences are equal when it is known that they are

r's ai,

1 I
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homcgcneous in terms of educltional outcomes?

Tiw answer to these cu,stions can be approximlted

by choosing a pail' of se*,:uences with optimum inequality.

That is, the tvio seciunc%.s should represent i pair of

realistic cLiscroor situations which are judg,d to DL

educationally homogeneous. Musk. two suqu,:nces woi.Ild be

made to genelnatc pairs of f,eauences to be tested fur

equality by Darwin's LFC, and the percentage of rejection

would be observed. This percentag_ is the proportion of

timcs onc would mok_ a "Type I error" in the cducltionl

sense that is, the proportion of tim,s one would reject

th.1 hypothusis of educational homogeneity when it

In connQ.cton with thu problem of choosing H
,

two
1

ideas should be recalled: (1) the underlying objective

in this section was to find ,1 wly of interpretirw ny

stailstical ;ignificance in tim light of cducational

significinck.: (2) the rroblem in tcsting differences bc-

twcen two inturaction date sets was the high sensitivity

of the LRC Otatisticlly significant differences

suited from he test, ev,...n though the two sequenceL3 being

tested wer(.: kncwn to be pr.actically the same).

The author crcated two composite matrices thac

wer, baced on typical trrInsition probabilities, and

in add!_tion, represented homogeneous outcomes. If

p:?irs of interaction sectu,,nces were generated from this

pair, one would get a distribution of Chi Square waucs

and could see how often the hypothesis of equality would

24
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be rejuctd.

CriLerL1 for selection. -The following statements

summarize the criteria for choosing the pair of secuencos

for the (.1ternative hypothesis:

1. The two senuencs have no significantly diff,...r-

ent educational outcomys.

2. The proportions in the cells of the m-ltrices

represent ,omc: .intifiable t,Irgc-L population. To achieve

these proportions, the rescarchc.r used a_ctual data, instead

of determining the extent of homogeneity by subjective

ludgment.

3. Thu length of er.ch sequence is realistic.

Normally, 30 minutes to two hours of classroom observa-

tion were made in projects involving interaction analysis.

Flanders [5] observed 16 eighth-grade mathematics classes.

Thc tu,achers all taught the same two-week unit of study,

the materials of instruction being kept constant. Teachc:r

influencu was controlled by measuring the spontaneous

patterns of te-.chers, while the adjustea final achievement

scores of the students was an outcome variable. By

"djusted final achievement scores" is meant the scores

which took into account th.: initial ability of the students.

Stops in the ComTut.c.r

The following is an outline. of the steps in generating
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pairs of sequences and obtaining a probability distribu-

tion of Darwin's LRC.

1. The 16 eighth-grade mathematics teachers were

first ranked according to the adjusted post-test score.

Then the odd-numbered teachers in the list formed one

group, and the rest formed the other group. Table 5.1

shows these two groups, with their adjusted post-test

scores. The result was a nonsignificant difference

between the mean achievement scores of the two groups.

TABLE 4

TWO GROUPS OF 16 EIGHTH GRADE MATHEMATICS TEACHERS,
HOMOGENEOUS ON ACHIEVEMENT

Group I Group II

Code No. Achievement
Score Code No. Achievement

Score

34.1 C801 30.7.V804

P805 30.2 D804 29.8

V803 29.1 M802 28.9

A802 27.9 M805 27.3

1801 27.1 T802 26.5

H802 26.3 A803 26.2

E802 24.7 G802 24.1

L803 23.6 G801 21.3

Means 27.9 26.9

2. The matrices of the teachers in each group were

then combined to form two composite matrices of the pair--
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one composite matrix for uach group. The use of several

matric,s combined, rather than selecting a single matrix

of a short sequence, would make the composite matrix more

representative of a group of similar classroom situations.

In other words, the ML estimates in a composite matrix

approximate the averages of the separate ML estimates

in the component sing1 matrices.

3. From the two composite matrices, the ML

estimate of Pjkl was computed. The ML estimate

of Pjkl is
n
jkl

j ,k = 1,...,10,
Pjkl

, 1 = 1,2. (22)
nj.1

The estimates plIk and p.
-3k2 are given in Table 5.

It can bk, observed thr:t the corresponding transi-

tion probabilities of the two matrices (A) and (B)

are not very different.

4. Cumulativ,_ transition probabilities were

computed from the ML estimates. These are shown

in Tables 6 and 7.

5. From the cumulative probabilities obtained in

27
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TABLE 5

MAXIMUM LIKELIHOOD ESTIMATES (TIMES 1000) OF TRANSITION
PROBABILITIES Pik FOR THE TWO SEQUENCES A AND B

OF THE ALTERNATIVE HYPOTHESIS

'1714
1 2 3 4 5 6 7 ti 9 10

1 A 097 001 020 157 373 078 039 039 059 137
B 077 015 023 101 628 001 078 001 031 047

2 A 002 046 081 167 262 095 002 015 100 229
B 003 122 143 162 281 027 016 014 097 135

3 A 002 036 304 155 304 030 007 042 073 049
B 003 023 323* 214 249 015 007 027 075 064

4 A 002 004 003 155 051 024 008 635 031 086
B 001 003 004 141 040 017 004 663 064 064

5 A

6 A

7 A

8 A

9 A

10A

001 003 003 083 797 038 013 006 027 028
001 002 003 103 787 025 008 003 039 027

001 002 001 048 122 323 022 219 057 205
001 001 002 060 122 296 047 170 084 218

001 003 002 092 206 065 388 033 047 163
001 005 005 066 109 101 388 024 092 208

001 045 112 139 239 068 031 313 028 024
002 048 214 235 208 065 015 153 027 034

002 041 165 071 247 085 045 007 278 058
004 032 192 075 224 064 036 002 315 055

002 011 003 074 113 098 035 033 090 542
001 006 005 070 099 078 058 017 111 555
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TABLE 6

CUMULATIVE PROBABILITIES (TIMES 1000)
FOR SEQUENCE A

1 2 3 4 5 6 7 8 9 10

1 097 098 118 275 647 725 765 804 863 1000

2 002 048 129 256 558 653 655 670 771 1000

3 002 037 341 496 799 829 836 878 951 1000

4 002 006 009 164 215 239 247 882 914 1000

5 001 005 008 091 888 926 939 945 972 1000

6 001 003 004 052 174 497 518 738 795 1000

7 001 004 006 098 304 368 757 790 837 1000

8 001 046 158 297 536 605 635 948 976 1000

9 002 043 209 280 526 612 657 663 942 1000

10 002 012 015 089 202 300 335 368 458 1000

TABLE 7

CUMULATIVE PROBABILITIES (TIMES 1000)
FOR SEQUENCE B

1 2 3 4 5 6 7 8 9 10

1 077 091 114 215 843 844 921 922 953 1000

2 003 124 268 430 711 738 754 768 865 1000

3 003 026 348 562 811 826 834 861 936 1000

4 001 004 008 150 189 206 210 873 936 1000

5 001 004 007 110 898 922 931 934 973 1000

6 001 002 003 063 185 482 529 698 782 1000

7 001 006 011 077 186 287 675 700 792 1000

8 002 050 263 499 707 772 787 940 966 1000

9 004 036 228 304 528 592 628 630 945 1000

10 001 007 012 081 181 259 317 334 445 1000



29

step four, 500 pairs of sequencos were generated. At

the same time, the Ll:C -Lnd its standard deviate z wore

computed for e7tch gcnrat.:.16 pair. Tht procedure for

simulation is simply starting a chain with the category

on silence., 10. A rz,ndom number with uniform distribu-

tion over the range 0.000 to 1.000 is generated, and

the column category in row ten, with p probability

greater than or equol to this random number, determinus

the next category, j. Thus, n109j is incre.mentod by

one, i.e., a tally is made in the (3.0,j) cell. This

now category determines tile next row, i (equal to the

preceding j). A random number is again obtained to deter-

mine the category (j) entry in this row. This cycle

continuos until the dc.sired lungth of the sequence is

reached. For each pair generated, the LRC and z values

were computed. The 500 pairs gunt_rated produced 500 LRC

and z values.

5. The 500 LRC valuLs were thLn ranked from small-

est to lorgest in order to locate every fifth percentile

for purposes of analysis.

7. Since the LRC is sensitive to the lengths of the.

30
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eciuL,nc._,_s in thr. pair, data were also c;enerated for differ-

eat sequence lengths. In this step, only 20 pairs were

generated for each length. The lt.ngths tried were 500,

1000, 2000, and 6000 t21lie, in addition to the length of

4000 which had been used in generating the 500 pairs.

8. The 20 LPC values in each c:et were then y.,nked

from the sr-Illest to larpest to identify the perct.ntile

value for uach LRC value.

Results and Liscussion

Pairs of Seauc;nces of Len7th 4000. Table 8 is a

cumulative distribution of the 500 values of Darwin's

LRC computed from the 500 pairs of sequences generted

from the two composite matizices in step two of thc pre-

ceding subsctiexaN. The lowest z value in th,: genera-

tion is 3.622, hich is otill statistically significant

(p < 0.01). Hence, if the sample pair being tested is

he sarcL- type z's the orif7.inal paireighth-grade data,

homogeneous on .7?.chievement, etc.--in most (or all) cases,

one would wrongly infer (wrong in the educational sense)

that the two E;couences in the pair are not t!qual, i.e.,

not educationally homogeneous.

It has now been demonstrated that, using two educa-

tionally homogeneous scauencs, Darwin's test is so power-

ful that the power is equal to one. For such time as

rcsearchrs continue to use this test, the investig:Itor

suggests reducing the probability of the Type I error
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TABLE 8

EMPIRICAL CUMULATIVE DISTRIBUTION
a
OF DARWIN'S

LIKELIHOOD RATIO CRITERION AND
ITS STANDARD DEVIATE Z

Generation
Pair No.

LRC
0 0

P(z > z
0

)

304 164.625 4.755 .95

122 172.445 5.181 .90

23 179.937 5.580 .85

291 183.641 5.775 .80

118 187.742 5.987 .75

14 192.312 6.222 .70

436 195.266 6,372 .65

326 199.102 6.565 .60

461 201.586 6.689 .55

359 204,281 6.823 .50

114 206.391 6,927 045

378 209,930 7.100 ,40

482 212.977 7.249 .35

197 217.008 7.443 .30

130 222-016 7.682 325

266 225.617 7.852 .20

271 230.859 8.098 .15

221 235.672 8.320 .10

131 247.414 8.855 .05

240 250.445 8.991 .04

223 253.344 9.120 .03

488 257.172 9.289 .02

8 261,375 9,474 .01

104 274.680 10.048 .00

aThe length of a sequence in the 500 pairs
of sequences generated, is 4000 tallies.
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in order not to reject a large number of hypothescs which,

though statistically false, are educationally true. In

other words, the cutoff point in the rangc of LPC values

should he much greater than theL;L values at the usual

levels of significance, i.e., greater than the Chi Square

values at .05, or .01; or-:001. In effect, one rerluces

thu power of the test even as f;Ir as .05.

Thus, from Table 8, under the given alternative

hypothesis,

p(z > 8.855) = .05. (23)

That is, if the cutoff point is set at z = 8.855, the

power is reduced to approximately .05. The value .05 in

the table re'prcsents the fifth percentile, or the ppoba-

of rejecting the hypothesis of equality under the

piven olternative hypothesis. This probability is the

empirical power of the tcst, at z = 8.855, under th(2.

:31torn.ltiv, hypothesis given Ly the transition probabili-

ties in Tc.ble 5.

In contrast, the table of Lhe normal probability
7

integralsingle tail probability E]--gives

T(z > 4.99) = 0.301C0(10 ). (24)

The ,.bovo eau,F.tion is based on the theoretical distribution

of z under the hypothesis of equality of the two sequences.

Ecnce, in the f3tatistical sense, choosing z = 8.855 as the

boundary of the critical region reduces to near-zero the

levc_l of significance a, or tne probability of a Type I

Lirror.

33
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In summary, the cutoff point of z in rejecting

equality can be given by a normal distribution table, but

the cutoff point for rejecting educational homogeneit

would hL sugg stcd by a table, such as Table 8.

Figure 1 is a graph of the cumulative empirical

distribution of z obtained from Table 8. Under the

alternative hypothesis of educational homogeneity given

by Table 5, the probability of a z value smaller than

10 is near one. The :Ipplication of the empirical dis-

tribution of LRC values obtained at this stage would be

limited, considering tic: number of assumptions to be met--

such assumptions as length of sequence, type of class-

room, grade 1Lvel, subject taught, and educational

criterion. However, The values in Table 8 would easily

suggest the mar-nitude of the LRC which one might set as

the boundary of the critical region. For purposes of

illustration, suppos, these assumptions were met by two

sequences whose difference was being tested for signifi-

cance. Suppose, the LRC obtained were 8.33. While a

normal probability t.-Ible indicates this value to be highly

significant with a practically zero, Table 8 indicates

that rejecting tilt_ hypotMsis at this point leaves a high

probability that the sequences are homogeneous from an

educational standpoint.

Pairs of Secuences of Vayri.s. Lengths. Table 9 shows

the ranked values of LRC ond z computed from generated pairs

of varying lengths--20 pairs to each given length. For any

34
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Fig. 1 .--Cumulative empirical distribution of Darwin's
Likelihood Ratio criterion computed from 500 pairs of
sequences, generated from a pair of interaction sequences.*

*Length of each sequence = 4000 tallies.
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given ptrcentile rank, the increasing values of LRC for

increasing lengths can be not. Thus, a z of 4.98 would

have a significant meanin7 in education if the number of

tallies in each romber of tile Ty-ir is near 2000, but not is

thc number is near 4000, which requires a z of 9.17 for th,

diffr_rence to have riny significance in education.

A Comparison of the Empirical Distribution of Darwin's

2LRC with thc. Dlstribution. A x2 table gives values at

90 degrees of freedom at certain percentile points. These

X
2

valut;s arc posted in the first column of Table 10. The

last column gives the percentile points available from a

X
2
table. The remaining columns give the corresponding

LRC values obtained from the generated sequences of lengths,

varying from 500 to 6000. The table shows that the it

sequence length of 500 LRC values closest to the tabu-

lated x2 values, with discrepancies widening as the criti-

cal region (probability of a greater value) decreases.

However, since the LRC for length 500 is close to but does

not si7nificantly exceed x 2
, the tabulated values of X4

could provido a ::ore guideline for educational inference

for senuences of 500 tallies to each membor of a pair.

Tilis statement is particularly true if the major concern is

to minimize the chances of making a Type I error, that is,

when one desires a greater margin of safety in being right

in rejecting c-quality.

When these values were plotted on the graph (Figurc 2)
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TADLE 10

A COMPARISON OF THE CUMULATIVE DISTRIBUTION OF x290 FROM A

CHI SQUARE TABLE AND THE EMPIRICAL CUMULATIVE
DISTRIBUTION OF DARWIN'S LRC COMPUTED

FROM DIFFERENT SEQUENCE LENGTHS

X
2

Dmowin's LRC Probability'
of a

Value

90
(Table) Length

= 500
Length
= 1000

Length
= 2000

Length
= 4000

Length Greater

= 6000

69.13 68.41 87.21 96.53 164.63 190.25 .95
73.29 73.79 92.33 106.33 172.45 226.37 .90
80.62 77.85 96.05 127.59 187.74 247.75 .75

89.33 84.34 101.41 133.65 204.28 256.12 .50

98.64 89.80 108.75 148.43 222.02 267.00 .25
107.56 100.62 116.92 160.55 235.67 271.88 .10

113.14 100.74 131.02 168.75 247.41 312.75 .05

124.12 102.27* 140.27* 179.48* 261.38 327.12* .01

*Values at .00 percentile in Table 9

under the given pure,..!ntilc points, it became obvious that

those obtained from lengths of 4000 had a more stable re-

lationship with the x2 distribution. The line of the plotte

points is almost a straight line. The values for the extreme

lengths of 500 and 6000 are the most erratic, while those for

lengths of 2000 zind 1000 have only one and two points, re-

spectively (out of eight percentile points), which deviate

from a linera" trend.
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Implicatlon and Possible Extension
of this Project

By an empirical procedure, the author obtained

the power of Darwin's LRC at one point in thc set of all

possible alternative hypotheses. Pairs of sequences were

generated from only one p:dr of sequences. If this pro-

cedure were to be replicated for other pairs of sequences

under different alterm-ttive hypotheses and for the same

lengths, boundary points corresponding to the different

alternative hypothLses would be obtained. Such replica-

tion would give mon:. information on the range of the

boundary points.

It should be recalled that the transition proba-

bilities on which the simulation was bE'.ced were calculated

from a set of 16 interaction matrices of eighth-grade

mathematics classes, spliT ilito two subsets of classLs

having no significant differnce in the achievement means.

If conditions such ls grade level, subject taught, and

educational criterion are varied from one alternative

hypothesis to another, the simulation would produce

approximate Lie.0 and z values which would serve as cutoff

points for tests on data sets which have conditions simi-

lar to those charactcrizina the basic data sets in the

simulation process.

However, evc.n without the replications suggested

here, thc: distribution of LRC and z values generated
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from one alternative hypothesis can give the interaction

analyst a fair Idea of the magnitude of the LRC and z

values in comparison with the tabulated theoretical di-

tribution of Chi Square. A user may not n .cLssJlrily us

the values presented in this pa;lt.r, but, having somL em-

pirical values to comparc his own results with, he may

find in them som, basis for his interpretation of the

sinificant results of Di'rwin's

TABLE 11

LRC.

SUGGESTED BOUNDARY POINTS FOR LRC AND z, BASED
ON VALUES AT THE 95th AND 95th PERCENTILES

OF THEIR EMPIRICAL DISTRIBUTIONS FOR
DIFFERENT SEQUENCE LENGTHS

95th Perc(mtile 99th Percentile
Length of
Scquence

LPC LRC

500 100.74 0.80 102.27 0.91

1000 131.02 2.80 140.27 3.36

2000 168.75 4.96 179.48 5.56

4000 247.41 9.17 261.38 9.47

6000 312.75 11.62 327.12 12.19

Thus, the critierd values of LRC and z were taken from

Table 10 and presented in Taple 11 as the suggested boundary

points (at the 05th and 99th percentiles of their distributions)

for the rejection of tile hypothesis. It is left to the reader tc

use his insight and experiencL with his data to judge whether

these vraucs are r.21ev:,nt to his own research.
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